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 The identification of risks linked to electromagnetic compatibility (EMC)  
in the electric railway is a major concern in identifying EMC problems and 
analyzing the unintentional various external disturbing sources as well as  
the probability of occurrence of interference, the level of interference along 
the railway system. The purpose of this analysis is to determine  
the electromagnetic interaction coupling generated by the high voltage (HV) 
lines located along the railway line by analyzing the voltage induced in  
the signaling transmission cables such as the european rail traffic 
management system/european train control system (ERTMS/ETCS) through 
the multi-conductor transmission line (MTL) theory which may have an 
impact on the transmitting information. Dubanton method and approximate 
calculation will be applied and simulated through COMSOL Multiphysics 
tool in order to analyze if the protection distance and coupling conditions are 
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The electromagnetic environment of the HV lines along the railway lines can be source of 
interference if field’s levels exceed the fields taken into account in the standards fixed by the EN 50121.  
At low frequencies, HV lines can be sources of very strong magnetic field. They may cause disturbances to 
devices that are sensitive to magnetic fields. The proximity of the HV pylons can cause an increase in 
potential in the neighboring structures. This document deals with the electromagnetic compatibility between 
the railway equipement installed such as the signaling system and the external high voltage lines installed 
near the railway lines. 
The coupling sections are located by determining the zones of the electromagnetic disturbances of 
the overhead power lines with an order of about 10m for capacitive coupling and 2000m for inductive 
coupling. An electromagnetic model of railway signal cables and conductors of the overhead power lines will 
be modelled to closely understand and analyze the electrical behavior of the system in question through  
the theory of the multi-conductor transmission lines by calculating mutual admittance and mutual inductance 
through two analytical methods that are Dubanton and approximate methods. The Dubanton method is in  
the complex plan and it is characterized as a simple relation for the calculation of the coefficients of  
the mutual impedance in order to obtain a correct calculation up to 10 kHz. However, the approximate 
method is given by a mathematical approach. 
This paper is organized as follows: in section 2, the multiconductor transmission line theory is 
presented by calculating the inductance and the admittance matrix to analyze the electromagnetic 
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interference caused by the overhead electric power lines near the railway signaling lines along the railway 
track [1]. In section 3, simulation is presented through COMSOL Multiphysics in order to calculate  
the electrostatic and magnetic coupling disturbances. Then we will finish our study with a conclusion. 
 
 
2. MULTICONDUCTOR TREANSMISSION LINE THERY 
2.1.  Presentation of the MTL theory 
The proximity of the HV power lines and the railway installation track can cause induced currents 
and voltage on the signaling cables located along the railway track. The MTL theoryis used to represent and 
to analyze the coupling between the disturbed and disturbing installations [2]. Electromagnetic disturbance in 
our study is an electrical network characterized by magnetic field H and electric field E. The capacitive and 
inductive coupling will be studied which are respectively the result of the potential difference between 
conductors and the result of coupling between conductors when a large current is carried out, and which may 
generate a high magnetic disturbance around the railway equipement. The model under study which is  





Figure 1. Extra high voltage pylons near the electric railway installation 
 
 
Note:  MW: Messenger Wire, 
CW: Contact Wire, 
GW: Ground Wire, 
R: Rail. 
The location of the extra high voltage power lines (EHV) located along the railway line may have  
a serious impact which can cause induced currents at the signalization cables located along the railway track [3]. 
There are different power supply voltages that are provided by different power grid providers and also 
different type of approximation such as crossover, oblique and parallel. The railway system adopted is  
the 2x25kV–50Hz concept. 
The presence of conductors located on the extra high voltage and their influence into a single 
conductor which is the signal cables can be simplified and illustrated in the Figure 2. The concept of 
the overhead lines with the ground return is been considered as a theory in order to analyze 
the electromagnetic interaction. 𝑼𝑩𝑸 and 𝑰𝑩𝑸 are respectively the induced voltage and current when EHV 
metallic pylone is near the electric railway installation. 𝑼𝑩𝑸 is the resistive inductive coupling voltage 
caused by the interference between the other conductors and the single conductor under analyze. 
 





To note that 𝒁𝒊𝒌 is the impedence between the conductors ‘k’ and ‘i’. 
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𝑰𝒌 is the current in the conductor k. 
𝑰𝑩𝑸 is the the capacitive coupling current caused by the interference between the other conductors and  
the single conductor under analyze.  
 





𝑪𝒊𝒌 is the capacitance between ‘k’ and ‘i’ conductors. 
𝑼𝒌 is the voltage between the phase and the ground of the ‘k’ conductor. 










Figure 2. A front view of the railway track 
 
 
The electromagnetic field is divided into two components, the magnetic field and the electric field. 
Both fields will be analyzed separately in normal conditions and in different time instants. The equivalent 
electrical circuit is represented in Figure 3. It is illustrated through four wire transmission lines  
(railway signal cable, 3-phase power line) with 𝐙𝐢𝐣 mutual impedances, 𝐙𝐢𝐢 impedances, 𝐘𝐢𝐣 mutual 










Figure 4. The multiconductor transmission line model 
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= −𝑍11𝐼1 − 𝑍12𝐼2−𝑍13𝐼3 − 𝑍14𝐼4 (5) 
 
with, 𝑍11 is the impedance of one phase (phase R), 
 
𝑍11 = 𝑅11 + 𝑗𝑤𝐿11 (6) 
 
and 𝑍1𝑗  is the mutual impedance between the j lines and the phase R.  
 
𝑍1𝑗 = 𝑅1𝑗 + 𝑗𝑤𝐿1𝑗 (7) 
 




= −[𝑍][𝐼] (8) 
 
The impedance matrix [𝑍] is given below: 
 
[𝑍] = [















The coefficients 𝑍ii is the impedance of the line “i” and per unit length and the coefficients 𝑍ij and to  
the ground which represent the mutual impedance between the “i”, “j” lines related to the ground [5]. 


















= −𝑦𝑖𝑉𝑖 − ∑ 𝑦𝑖𝑗(𝑉𝑖 − 𝑉𝑗)
4
𝑗=1
, 𝑖 ≠ 𝑗 (9) 
 
with, 𝑦𝑖𝑗  is the mutual admittance between the line “i” and the line “j” related to the ground and 𝑦𝑖  is  
the admittance of the “i” line.  




= −[𝑌][𝑉] (10) 
 
The admittance matrix [𝑌] is given below: 
 
[𝑌] = [
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The coefficients 𝑦ij is the admittances between the “i” and “j” lines related to the ground and 𝑦ii is  
the admittances per unit length [6]. The direct equivalence between the coefficients of the physical 
admittances and the admittance matrix does not exist. The coefficients of the admittance matrix for only one 
transmission line are given by the following equations: 
 
{






All the conductors are represented of the power transmission lines and the railway signaling cable as 
a multiconductor transmission which is an approximate approach when the values of the coefficients of 
admittances and impedancesmatrix are known. The values of the equivalent components are difficult to 
measure under practical conditions, because they depend on the parameters of the cables such as the position, 
shape, conductivity and permeability, and the conductivity and permittivity of the ground. 
 
2.2.  Coefficients of the impedance matrix calculated 
The impedance of each transmission line and the ground depends mainly on the external impedance [7], 
the internal impedance of the conductor and the impedance of the ground are given by the following equation: 
 
𝑧𝑖𝑖 = 𝑧𝑖𝑛𝑡 + 𝑧𝑔 + 𝑗𝑤𝑙𝑠 (12) 
 
with, 𝑧𝑖𝑛𝑡 represent the internal impedance, 𝑧𝑔 represent the impedance of the ground of the conductor. 










with ℎ is considered to be the height between the ground and the conductor line and 𝑎 is the radius of  
the conductor line. 





𝑅𝑑 . 𝑚. 𝑎
𝑏𝑒𝑟𝑚. 𝑎 + 𝑗𝑏𝑒𝑖𝑚. 𝑎
𝑏𝑒𝑟′𝑚. 𝑎 + 𝑗𝑏𝑒𝑖′𝑚. 𝑎
 (14) 
 
𝑚 = √𝑤. µ𝑐 . 𝜎𝑐 (15) 
 
with 𝜎𝑐 is the conductivity, 𝑅𝑑 is the resistance and µ𝑐 is the permability. 
And ber, bei represent Kelvin functions, ber’ and bei’ represent their derivatives. 
In order to have a valid result in an extended frequency band, the impedance of the ground 𝑧𝑔 is 






𝑒−2ℎ𝜆 . cos (𝜆𝑎)






𝛾𝑔is the ground propagation constant defined by the formula: 
 
𝛾𝑔 = √𝑗𝑤µ0(𝜎𝑔 + 𝑗𝑤𝜀0𝜀𝑟) (17) 
 
with, µ0 represent the permeability of the ground, 𝜀𝑟 represent the relative permittivity, 𝜀0 represent  
the permittivity of vaccum and 𝜎𝑔 represent the conductivity of the ground. 
Mathematical equations of Dubanton’s method is used in this study to calculate the parameters of 
the power transmission lines [8]. The eigen coefficients of the impedance matrix 𝑧𝑖𝑖  is given by the following 
formula: 
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(ℎ𝑖 + ℎ𝑗)2 + 𝑑2
(ℎ𝑖 − ℎ𝑗)2 + 𝑑2
) + ∫
𝑒−2ℎ𝜆 . cos (𝜆𝑎)










(ℎ𝑖 + ℎ𝑗 + 2𝑃)2 + 𝑥𝑖𝑗
2
(ℎ𝑖 − ℎ𝑗)2 + 𝑥𝑖𝑗
2 ) (20) 
 







𝑑 is the distance between the “i”, “j” conductors, ℎ𝑖 , ℎ𝑗 are the heights respectively of “i”, “j” conductors, 𝜌 is 
the soil resistivity, the pulsation of the inductor current 𝑤 = 2𝜋𝑓. 
𝑥𝑖𝑗  is the horizontal spacing between the two conductors, given by the following relation: 
 
𝑥𝑖𝑗 = √𝑑2 − (ℎ𝑖−ℎ𝑗)2 (22) 
 
2.3.  The coefficients of the admittance matrix calculated 
The admittance matrix for the high voltage power lines is given below: 
 
[𝑌] = 𝑗𝑤[𝑃]−1 (23) 
 
[𝑃] is the potential matrix. 
 
[𝑃] = [




















 . (𝑙𝑛 (
2ℎ
𝑎
) +  ∫ 2𝑘0
2.
𝑒−2ℎ𝜆 . cos (𝜆𝑎)







𝑝𝑖𝑗  mutual coefficients of the matrix [P] of the two conductors related to the ground are given by  





 . (𝑙𝑛 (√
(ℎ𝑖 + ℎ𝑗)2 + 𝑑2
(ℎ𝑖 − ℎ𝑗)2 + 𝑑2
) + ∫ 2𝑘0
2.
𝑒−(ℎ𝑖+ℎ𝑗)𝜆 . cos (𝜆𝑑)
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3. ELECTROMAGNETIC INTERFERENCES CAUSED BY THE OVERHEAD POWER LINES 
The Dubanton method previously described associated to the theory of MTL has been applied in 
order to have a better approach which is an analytical calculation simplified with mathematical equations. 
The electromagnetic field is divided into two components, the magnetic field and the electrostatic field [9]. 
Both fields will be analyzed separately in normal conditions and in different time instants. 
 
3.1.  Magnetic field 
The magnetic coupling phenomenon caused by the impact between the high voltage power line and  





Figure 5. Magnetic induction coupling 
 
 
The expression of the electromotive force induced E along each transmission line is given in  
the form of the sum of all the electromotive forces induced in each section 𝑒𝑖𝑗. The magnetic induction will 
be calculated through the approximate formula and the dubanton method. 
 










(ℎ𝑖 + ℎ𝑗 + 2𝑃)2 + 𝑥𝑖𝑗
2
(ℎ𝑖 − ℎ𝑗)2 + 𝑥𝑖𝑗
2 ) (28) 
 
However, the approximate method is characterized by the following formula: 
 
𝑧𝑖𝑗 = 𝑗𝑤𝑀 (29) 
 
with, M represented in μH/km, depends mainly on the value of x and it is equal to: 
- For 𝑥 ≤ 10: 
 
𝑀 = 142 + 46𝑥 − 198 ln(𝑥) − 1.4𝑥2 (30) 
 
- For 𝑥 > 10: 
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The magnetic field varies with the variations of the current flowing in the cables. It depends mainly 
on the current flowing in the nearby conductor transmission lines and their geometry parameters.  
In the case of our study, the magnetic field is determined by the following relation:  
 




with, 𝐼 is the current flowing in the high voltage power transmission line, 𝑑𝑝𝑝 is the distance between  
the overhead phases, 𝑟 is the distance of the field relative to the source. 
 
3.2.  Electrostatic field 
Capacitive couplings are generated when two conductor lines are above the ground. Variable electric 
field are created because of the variable voltage flowing in the conductor as seen in the Figure 6. Which 
causes induced currents and voltages on overhead power transmission lines placed along the Catenary lines 





Figure 6. Capacitive coupling generated between the catenary and the 3 phase lines 
 
 
Capacitive coupling between the signal cables and the extra high voltage lines is considered to be 
negligible in our study since they are buried under the ground. The catenary line is the only system that is 






𝐶21𝑉1 + 𝐶31𝑉2 + 𝐶41𝑉3
𝐶21 + 𝐶31 + 𝐶41
 (34) 
 
The induced current 𝐼0 flowing in the conductor is proportional to the capacitive coupling 𝐶01 between 
the ground and the catenary line, the length of parallelism l andthe induced voltage 𝑉0. 
 
𝐼0 = 𝑉0. 𝐶01. 𝑤. 𝑙 (35) 
 
3.2.  Results compared to international standard limits 
The magnetic and electric fields are modeled by COMSOL Multiphysics as shown in  
the Figures 7 and 8. The values of the parameters in the worst case located along the electric railway track are 
listed in the Table 1 in order to calculate according to the two methods the mutual inductance listed in  
the Table 2 to analyze the electric and magnetic field generated. Results are obtained after calculation of 
the mutual inductance, it is noted that the results of the two methods are close. 
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Figure 8. Magnetic field modelled by COMSOL multiphysics 
 
 
Table 1. Fixed values 
Variable Value Unit 
𝑈𝑛 440 kV 
𝜌 280 Ω.m 
f 50 Hz 
ℎ𝑖 10 m 
ℎ𝑗 10 m 
𝑙 1.5 km 
𝑑 15 m 
𝑑1 5 m 
𝑑2 20 m 
 
 
Table 2. Compared values of the mutual inductance 
Formula Value Unit 
Dubanton 2.346 µH.𝑚−1 
Approximate 2.507 µH.𝑚−1 
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The capacitive coupling between the signaling cables and the extra high voltage power lines for our 
study will be negligible because the cables specifications are shielded and according to the transfer of 
impedance of these cables and the result of the values settled in the worst case is inferior below the required 
limits fixed by the CENELEC international standards, the internal induced voltages are mitigated. Induced 
current and voltage flowing the catenary are given by the following formula: 
 
𝑉0 = 6,8 𝑉 
𝐼0 = 0,1109 mA 
 
 
The magnetic field: 
 
𝐵 = 3,8 . 10−5  
 
The limits are given below for signaling equipment located within 3m of the trackaccording to  
the international standard EN 61000-4-8 EN 50121-4 [12-25]: 
 
- For AC system: 
 
𝐵 =  µ0𝐻 = 3,8. 10
−4 (36) 
 
- For DC system: 
 
𝐵 =  µ0𝐻 = 1,25. 10
−4 (37) 
 
It can be seen that the results obtained are within the limit range thresholds fixed by the international 
standardization. Electromagnetic disturbances due to the presence of the extra high voltage pylons along  




EHV power transmission lines are a subject of the electromagnetic interference generated by  
the magnetic and electric fields. The operation of the installed railway catenary can be disturbed by the EMC 
problems caused by the proximity and the interaction between EHV pylone and railway catenary.  
In the present work, electromagnetic modelization and simulation was used in order to analyze the combined 
effect of electric field and magnetic induction caused by the EHV power transmission line. This modelling 
methodology is based on the mutliconductrice transmission line theory, the induced voltage and current 
should not exceed the thresholds recommended by the international standard EN 50121. The results confirm 
that there is a permanent radiated impact when it comes to having an EHV power line next to the railway 
system. However, according to the calculation done in this study, there is no impact which may cause  
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